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Abstract. Temporal clustering structures were identiﬁed and
quantiﬁed in ﬁre sequences recorded from 1980 to 2005 in
Continental Portugal, by using the Allan Factor statistics, a
statistical tool suited to reveal clustering behaviour in point
processes. The obtained results show the presence of daily
and annual periodicities, superimposed onto a scaling be-
haviour, which features the sequence of wildﬁres as a fractal
time process with a rather high degree of time-clusterization
of the events.
1 Introduction
According to Joint Research Centre of the European Com-
mission (Barbosa et al., 2007), the countries of the northern
arch of the Mediterranean Sea (Portugal, Spain, France, Italy
and Greece) are the European countries mostly affected by
wildﬁres. Portugal is particularly affected and presents the
highest number of ﬁres (N) and the third highest burnt area
(A) absolute value, with almost the same amount as Italy, the
second most affected country.
Pereira et al. (2005) analyse the spatial and temporal vari-
ability of forest ﬁre activity and the synoptic patterns asso-
ciated with air masses favourable to high wildﬁre activity in
Portugal and conclude that, i) about 80% of total A is due to
a small proportion of ﬁres during 10% of the summer days
characterised by speciﬁc and non-frequent atmospheric cir-
culation pattern, ii) both the inter- and the intra-annual vari-
abilities are related to meteorological anomalous dry condi-
tions before and during the summer ﬁre season.
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The relation between high wildﬁre activity and speciﬁc
weather/climate conditions was also emphasized during the
exceptional ﬁre season of 2003, with total burnt area of
450000ha (about 5% of Portugal mainland), when the vast
majority of the burnt area by wildﬁres in Continental Portu-
gal was registered during a heatwave, characterised by ex-
treme values of several meteorological ﬁelds, namely ex-
ceptionally high values of maximum and minimum temper-
atures, particularly low humidity levels and relatively high
wind speed (Trigo et al., 2005, 2006).
Weather controls (directly or indirectly) other as-
pects/factors of wildﬁre activity such as the availabil-
ity/existence and state of the vegetation and dead fuels as
well as ﬁre behaviour. On the other hand, periods of
favourable weather conditions to the occurrence and devel-
opment of (large) wildﬁres are not very frequent and have a
typical duration of a few days to one or two weeks. In this
sense, it could be expected that a time-concentration of the
wildﬁre occurrences in speciﬁc periods.
The objective of this work is to investigate the existence of
time-clustering behaviour in the ﬁre dynamics and the pres-
ence of time-correlation structures in the time distribution of
the ﬁre events in Continental Portugal. We intend to apply
the Allan Factor, which is well suited to detect scaling be-
haviour in the point processes.
In fact, a sequence of ﬁres can be considered as a point
process, where events are characterised by spatial location
and occurrence time and marked by the size of burnt area.
Dynamics of ﬁres are well described by using the concept
of self-organized critical (SOC) systems (Clar et al., 1999;
Drossel and Schwabl, 1992, 1993; Honecker and Peschel,
1997). The SOC idea explains complex dynamical be-
haviours in many natural phenomena, which are represented
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as extended dynamical systems operating at states of critical
equilibrium: the only spatial or temporal scales are those de-
duced from the size of the system (Bak et al., 1988). The
main features of SOC systems are spatial fractality, tempo-
ral ﬂuctuations scaling as 1/f α and the power-law frequency
distribution of sizes. In the context of studies concerning
ﬁres, much attention has been focused on the problem of
the frequency distribution of burnt areas, leading to the more
or less complex models ﬁtting real observations (Malamud
et al., 1998; Ricotta et al., 1999, 2001; Song et al., 2001;
Reed and McKelvey, 2002). All these studies deal with one
of the parameters that deﬁne a ﬁre event, i.e. its intensity
given by size of burnt area. But the concept of self-organized
criticality also implies that the time evolution of the system
is time-scaling. Recently, several papers have been focused
on the temporal ﬂuctuations of ﬁre sequences, revealing the
presence of scaling behaviour in the time dynamics of ﬁre
(Telesca et al., 2005; Corral et al., 2008) through the pres-
ence of the power-law shape in the statistics describing the
temporal distribution of ﬁres.
A comprehensive characterisation of the temporal cluster-
ing structures of the ﬁre sequences, along with all the other
aspects wildﬁre activity contributes to, characterise the ﬁre
regime in continental Portugal. To continue, a brief descrip-
tion of the data used in this work and a concise characterisa-
tion of the study area performed is in Sect. 2. Deﬁnitions and
characteristics of the methodology are discussed in Sect. 3,
while the resultsare presentedin Sect.4. Section5 isdevoted
to discussion and conclusions.
2 Study area and dataset
Portugal holds the largest wildﬁre land datasets in the Euro-
pean context, with more than 450000records in the 1980–
2005 period. This is only possible because of the work of
the National Forestry Authority (Autoridade Florestal Na-
cional, AFN) that systematically compile pertinent informa-
tion about each wildﬁre occurring in continental Portugal
since 1980 and kindly provides access to the dataset. The
ﬁre data only relies on in situ information and includes in-
formation about the ﬁre location, type (single or re-ignition),
date and time of ignition and extinction. A small number
(<2.7%) of data and format errors in the dataset was identi-
ﬁed and corrected. The sum of the burnt area by all the ﬁres
in this dataset is equal to 3.0×106 ha of burnt area, which
represents 34% of continental Portugal area. However, with
this dataset, it is not possible to demonstrate if the same area
might have been burnt by wildﬁres more than once (Pereira
et al., 2006).
Portugal is the south-westernmost country of mainland
Europe and is bordered by the Atlantic Ocean to the west and
south and by Spain to the north and east (Fig. 1). According
to the K¨ oppen classiﬁcation scheme, Portugal climate can
be classiﬁed as Mediterranean type csa in the southern ar-
eas, and csb in the north (Peel et al., 2007). Portugal is one
of the warmest European countries with a distinct seasonal
climate, characterised by mild and rainy winters and warm
and dry summers (Trigo and DaCamara, 2000; Meteorolo-
gical Institute, 2008). In general, vegetation is well adapted
to the difference in rainfall and temperature between win-
ter and summer seasons but these weather/climate conditions
are quite favourable for the occurrence of wildﬁres during
the summer season. The total monthly values of the num-
ber of ﬁres and the amount of burnt area (Fig. 2) illustrates
this fact. Wildﬁre activity is not spread homogeneously over
the entire country. The central and northern mainland are the
preferred areas for ﬁre activity in Portugal because this part
of the territory have more irregular topography, a more dense
hidrological network, and more ﬁre prone ecosystems.
3 Method
Asequenceofﬁreeventscanbeconsideredasarealizationof
a stochastic temporal point process, which describes events
that occur at some random locations in time (Cox and Isham,
1980). A point process is fractal when a number of its rele-
vant statistics exhibit scaling with related scaling exponents,
that indicate the represented phenomenon contain clusters of
points over a relatively large set of time scales (Lowen and
Teich, 1996, 1999).
The well-known method to investigate the temporal prop-
erties of a time series is the power spectral density (PSD)
S(f), obtained by means of a Fourier Transform (FT) of the
series. The PSD gives information on how the power of the
series is concentrated at various frequency bands. This in-
formation allows identifying periodic, multi-periodic or non-
periodic frequency patterns. Usually the power spectrum
plotted in log-log scales is used to analyse broadband be-
haviour. The power-law (or fractal) dependence (linear on
a log-log plot) of the PSD is given by S(f)∼f −α and is a
hallmark of the presence of time-scaling in the data. The
properties of the series can be further classiﬁed in terms
of the numerical value of the spectral (or fractal) exponent:
α=0 features white noise time series, characterised by the
absence of time correlations; while α6=0 is typical of pink
noise time series, characterised by the presence of time cor-
relations.
A ﬁre sequence is a temporal point process and the simple
application of the FT is not possible. In order to be able to
analyse the temporal ﬂuctuations of ﬁres, these can be repre-
sented by a ﬁnite sum of Dirac’s delta functions centred on
the occurrence times ti, with amplitude Ai proportional to
the burnt area:
y(t)=
N X
i=1
Aiδ(t −ti), (1)
where N represents the number of events recorded.
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(a) (b)
Fig. 1. (a) Map of Europe and North Africa, retrieved from Google Maps website http://maps.google.pt/, and (b) a zoom of Portugal for a
better visualization of the country orography.
Then, dividing the time axis into equally spaced con-
tiguous counting windows of duration τ, which is called
timescale, a sequence of counts {Nk(τ)} is produced, with
Nk (τ) denoting the number of ﬁre events in the k-th window
(Lowen and Teich, 1999):
Nk(τ)=
tk+τ Z
tk
n X
j=1
δ
 
t −tj

dt. (2)
The following quantity, the Allan Factor (AF), can be deﬁned
as
AF(τ)=
<(Nk+1(τ)−Nk(τ))2 >
2<Nk(τ)>
, (3)
which is related to the variability of successive counts (Tur-
cott et al., 1994; Allan, 1966); the symbol <...> indicates
the average value. The AF has been largely used to investi-
gate the time dynamics of earthquakes (Telesca et al., 2004).
If the point process is time-correlated, then the AF varies
with the timescale τ with a power-law form:
AF(τ)=1+

τ
τ1
α
(4)
over a certain range of timescales τ; and the exponent α
quantiﬁes the strength of time-correlation; τ1 is the fractal
onset time and marks the lower limit for signiﬁcant scaling
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Figure 2. Monthly average of burnt area, A, (grey bars) and of number of fire occurrences, N,  2 
(solid line) in Continental Portugal for the 1980-2005 period.  3 
4 
Fig. 2. Monthly average of burnt area, A, (grey bars) and of number
of ﬁre occurrences, N, (solid line) in continental Portugal for the
1980–2005 period.
behaviour in the AF, so that for ττ1 the time-scaling prop-
erty becomes negligible at these time scales (Lowen and Te-
ich, 1996). The AF statistic assumes values near unity for
Poisson processes (Thurner et al., 1997). Therefore, if α=0
thepointprocessisPoissonian, whichmeansthattheseriesis
memoryless and constituted by independent events; while if
α>0 the process is characterised by time-scaling behaviour,
which means that the series is time-correlated.
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Fig. 3. Log-log plot of the Allan Factor (AF) as a function of the
timescale τ, for the Portuguese ﬁre series, considering ﬁre events
with burnt area (A) above or equal increasing thresholds (Ath) of 1,
10, 102 and 103 ha, registered in the 1980–2005 period.
4 Results
During the observation period, about 450000 forest ﬁres
have been recorded. Figure 3 shows the relation AF(τ) ∼
τ in log-log scales for the Portuguese ﬁre sequences for
timescales τ ranging between 10min and T/10, where T
is the total observation period in minutes of the ﬁre cata-
logue. The analysis was performed for several threshold
burnt areas Ath and considering, in each case, the events
with burnt area A≥Ath. The number of ﬁre events and the
obtained scaling exponent values for the intermediate and
higher timescales ranges in each analysis are presented in Ta-
ble 1. The following other results were obtained:
– The ﬁre activity in Portugal is not Poissonian, because
the AF curves are not ﬂat for all the timescales τ.
This result indicates the presence of time-clustering be-
haviour in the ﬁre dynamics, which implies the presence
of time-correlation structures in the time distribution of
the ﬁre events.
– The time dynamics of the ﬁre sequences are charac-
terised by the presence of periodicities, shown by the
dropsintheAFcurves(indicatedbyverticaldottedlines
in Fig. 3). The periodic component at about 1day is
clearly related with the daily meteorological cycle. Pip-
pen (1999) and Plucinski (1999) found a diurnal vari-
ation in the state of the dead-fuel moisture content of
open woodland fuel, in response to the normal diurnal
weather changes, such as the rise and fall of tempera-
ture and solar radiation. The component at about 1year
is connected with the yearly cycle of vegetation, in-
duced by the meteo-climatic yearly cycle. In particular
Table 1. Number (N) and scaling exponent (α) of ﬁre sequences
with burnt area (A) above or equal a given burnt area threshold
(Ath), N(A≥Ath), for increasing values of the threshold Ath. Re-
garding the scaling exponent, the ﬁrst value corresponds to the in-
termediate timescale range, the second value to the higher timescale
range.
Ath 1ha 10ha 102 ha 103 ha
N 138935 20607 4106 444
α
1.13±0.01 0.93±0.01 0.71±0.01 0.556±0.006
1.58±0.02 1.42±0.03 1.20±0.03
the evidenced periodicities are more powerful for lower
threshold burnt areas, as revealed by the “deeper” drops
in the AF curves.
– All the AF curves are ﬂat at small timescales up to a cut-
off timescale of order 102min. In particular, the cutoff
timescale, which indicates the smallest timescale from
which the scaling appears visible, seems to increase
with the increase of the threshold burnt area Ath.
– In the intermediate timescale range, two scaling regions
(given by the linear parts of the log-log AF curve in
Fig. 3) could be identiﬁed in the AF curves (Ath=1ha,
10ha and 102 ha), while only one scaling region is vis-
ible in the AF curve for Ath = 103 ha. The crossover
timescale between the two scaling regions is about
20days: the origin is not well clear and might be due
to mixed natural and anthopogenic causes. The scaling
exponents, which reveal the strength of the clusteriza-
tion of the events, decrease, in both the regions, with
the increase of the threshold burnt area Ath. This in-
dicates that the sequences tend toward Poissonian be-
haviour with the increase of the threshold burnt area.
– The obtained results are very similar to those obtained
with other ﬁre datasets in Italy (Telesca and Lasaponara,
2006) and Argentina (Ghermandi et al., 2008).
5 Discussion and conclusions
The ﬁre sequences recorded in Portugal were analysed in
order to characterise their time dynamics. The applied
AF methodology has revealed the presence of several time
regimes(periodicitiesandscalingregimes)mainlyconnected
with meteorological and climatic conditions of the area.
The presence of scaling regimes in the AF statistics ev-
idences the self-organization of the ﬁre activity: ﬁres have
a direct impact on vegetation, which, in turn, contributes to
the future ﬁre activity, therefore, the existence of feedback
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mechanisms involving both ﬁres and the ecological patterns
(vegetation type, age, physiognomy, etc.) gives rise to cor-
relation structures and memory phenomena, revealed by the
time-scaling behaviour in the AF statistics.
The vegetation patterns constrain and, at the same time,
are constrained by the processes that generate them. A
ﬁre occurring in an area, which was never burned before,
creates a pattern of burnt and unburnt vegetation patches,
which will inﬂuence the occurrence and size of the next ﬁre
within a continuous feedback dynamics. In fact, a negative
correlation has been found between the expected ﬁre-size
and the existence and abundance of recently disturbed areas
by Cumming (2001) using a parametric statistical model
developed during the analysis of the ﬁre-size distribution of
ﬁres in the boreal mixedwood forests of Canada.
The presence of different scaling regimes indicates that
different dynamical mechanisms govern the same sequence
and different values of the scaling exponent α suggest
different strengths of the power-law ﬂuctuations of the ﬁre
sequence. The different mechanisms could be due to mixed
natural and anthropogenic causes. This knowledge can be
used by the forest managers to change ﬁre behaviour and in-
crease forest resistance to ﬁre.
The result seems to indicate that large wildﬁres are less
dependent on these mechanisms than small and medium size
wildﬁres (Ath≤102 ha), since a single scaling region char-
acterises larger ﬁres. Periodicities are also less evident for
higher burnt area threshold which may be a sign that large
wildﬁres are much less dependent on the daily and annual
(weather/vegetation) cycles than the small- and medium-size
ﬁres which conﬁrm the occurrence of large wildﬁres is es-
sentially dependent on the existence of extreme ﬁre weather
conditions.
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